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The currents i1 on the left mesh and i2 on the right ,satisfy the differential equations

-18 di1/dt +72 di2/dt +72 i2 = 0                                        (1)

6di1/dt +6 i1 -18 di2/dt = 60 –q1/C                                   (2).
Multiplying 3* eq(2) + eq(1) eliminates di1/dt and gives,

18di2/dt = -18i1-72i2+180-3q1/C                                      (3).

Now 4*eq(2) + eq(1) eliminates di2/dt and gives,

6 d i1/dt =-24 i1 -72 i2 +240 -4 q1/C                                 (4).

 Equations (3) and (4) are solved numerically employing the finite  difference method , subject to the initial conditions

i1(0)=0 , i2(0) = 0. and q1(0)=0.       
The analytical solution for i2(t) is (obtained via Laplace transforms)
 i2exact(t)= -1.763*exp(-6.782*t) + 2.284*exp(-.609*t)*cos(.607*t+

                      39.5*pi/180.)

 The FORTRAN code is given below.

[image: image2]
nstep= 5577

  t,i2num,i2exact=    0.0000E+00    0.0000E+00   -0.6096E-03

  t,i2num,i2exact=    0.3333E-01    0.2930E+00    0.2915E+00

  t,i2num,i2exact=    0.6667E-01    0.5146E+00    0.5127E+00

  t,i2num,i2exact=    0.1000E+00    0.6796E+00    0.6775E+00

  t,i2num,i2exact=    0.1333E+00    0.7997E+00    0.7976E+00

  t,i2num,i2exact=    0.1667E+00    0.8842E+00    0.8823E+00

  t,i2num,i2exact=    0.2000E+00    0.9407E+00    0.9389E+00

  t,i2num,i2exact=    0.2333E+00    0.9751E+00    0.9735E+00

  t,i2num,i2exact=    0.2667E+00    0.9920E+00    0.9906E+00

  t,i2num,i2exact=    0.3000E+00    0.9954E+00    0.9942E+00

  t,i2num,i2exact=    0.3333E+00    0.9881E+00    0.9871E+00

  t,i2num,i2exact=    0.3667E+00    0.9726E+00    0.9718E+00

  t,i2num,i2exact=    0.4000E+00    0.9508E+00    0.9501E+00

  t,i2num,i2exact=    0.4333E+00    0.9242E+00    0.9236E+00

  t,i2num,i2exact=    0.4667E+00    0.8940E+00    0.8935E+00

  t,i2num,i2exact=    0.5000E+00    0.8611E+00    0.8608E+00

  t,i2num,i2exact=    0.5333E+00    0.8264E+00    0.8261E+00

  t,i2num,i2exact=    0.5667E+00    0.7905E+00    0.7902E+00

  t,i2num,i2exact=    0.6000E+00    0.7537E+00    0.7535E+00

  t,i2num,i2exact=    0.6333E+00    0.7166E+00    0.7164E+00

  t,i2num,i2exact=    0.6667E+00    0.6793E+00    0.6792E+00

  t,i2num,i2exact=    0.7000E+00    0.6422E+00    0.6421E+00

  t,i2num,i2exact=    0.7333E+00    0.6054E+00    0.6053E+00

  t,i2num,i2exact=    0.7667E+00    0.5691E+00    0.5690E+00

  t,i2num,i2exact=    0.8000E+00    0.5334E+00    0.5332E+00

  t,i2num,i2exact=    0.8333E+00    0.4983E+00    0.4981E+00

  t,i2num,i2exact=    0.8667E+00    0.4640E+00    0.4638E+00

  t,i2num,i2exact=    0.9000E+00    0.4305E+00    0.4302E+00

  t,i2num,i2exact=    0.9333E+00    0.3978E+00    0.3975E+00

  t,i2num,i2exact=    0.9667E+00    0.3659E+00    0.3656E+00

  t,i2num,i2exact=    0.1000E+01    0.3349E+00    0.3346E+00

  t,i2num,i2exact=    0.1033E+01    0.3048E+00    0.3045E+00

  t,i2num,i2exact=    0.1067E+01    0.2756E+00    0.2752E+00

  t,i2num,i2exact=    0.1100E+01    0.2473E+00    0.2469E+00

  t,i2num,i2exact=    0.1133E+01    0.2199E+00    0.2194E+00

  t,i2num,i2exact=    0.1167E+01    0.1933E+00    0.1928E+00

  t,i2num,i2exact=    0.1200E+01    0.1676E+00    0.1671E+00

  t,i2num,i2exact=    0.1233E+01    0.1428E+00    0.1422E+00

  t,i2num,i2exact=    0.1267E+01    0.1188E+00    0.1183E+00

  t,i2num,i2exact=    0.1300E+01    0.9572E-01    0.9511E-01

  t,i2num,i2exact=    0.1333E+01    0.7344E-01    0.7280E-01

  t,i2num,i2exact=    0.1367E+01    0.5198E-01    0.5131E-01

  t,i2num,i2exact=    0.1400E+01    0.3132E-01    0.3062E-01

  t,i2num,i2exact=    0.1433E+01    0.1146E-01    0.1073E-01

  t,i2num,i2exact=    0.1467E+01   -0.7632E-02   -0.8382E-02

  t,i2num,i2exact=    0.1500E+01   -0.2596E-01   -0.2673E-01

  t,i2num,i2exact=    0.1533E+01   -0.4354E-01   -0.4433E-01

  t,i2num,i2exact=    0.1567E+01   -0.6038E-01   -0.6120E-01

  t,i2num,i2exact=    0.1600E+01   -0.7651E-01   -0.7735E-01

  t,i2num,i2exact=    0.1633E+01   -0.9194E-01   -0.9279E-01

  t,i2num,i2exact=    0.1667E+01   -0.1067E+00   -0.1075E+00

  t,i2num,i2exact=    0.1700E+01   -0.1207E+00   -0.1216E+00

  t,i2num,i2exact=    0.1733E+01   -0.1342E+00   -0.1351E+00

  t,i2num,i2exact=    0.1767E+01   -0.1469E+00   -0.1478E+00

  t,i2num,i2exact=    0.1800E+01   -0.1591E+00   -0.1600E+00

  t,i2num,i2exact=    0.1833E+01   -0.1706E+00   -0.1715E+00

  t,i2num,i2exact=    0.1867E+01   -0.1816E+00   -0.1825E+00

  t,i2num,i2exact=    0.1900E+01   -0.1919E+00   -0.1929E+00

  t,i2num,i2exact=    0.1933E+01   -0.2017E+00   -0.2027E+00

  t,i2num,i2exact=    0.1967E+01   -0.2110E+00   -0.2119E+00

  t,i2num,i2exact=    0.2000E+01   -0.2197E+00   -0.2206E+00

  t,i2num,i2exact=    0.2033E+01   -0.2278E+00   -0.2288E+00

  t,i2num,i2exact=    0.2067E+01   -0.2355E+00   -0.2365E+00

  t,i2num,i2exact=    0.2100E+01   -0.2427E+00   -0.2436E+00

  t,i2num,i2exact=    0.2133E+01   -0.2494E+00   -0.2503E+00

  t,i2num,i2exact=    0.2167E+01   -0.2556E+00   -0.2566E+00

  t,i2num,i2exact=    0.2200E+01   -0.2614E+00   -0.2623E+00

  t,i2num,i2exact=    0.2233E+01   -0.2667E+00   -0.2677E+00

  t,i2num,i2exact=    0.2267E+01   -0.2717E+00   -0.2726E+00

  t,i2num,i2exact=    0.2300E+01   -0.2761E+00   -0.2771E+00

  t,i2num,i2exact=    0.2333E+01   -0.2802E+00   -0.2812E+00

c Schaum Outlines BEE problem 5.13

      real i1,i2 ,i2exact

      dimension i1(0:20000) ,i2(0:20000) , q1(0:20000)

      fi1(i)=(1./6.)*(-24.*i1(i) -72.*i2(i)+240.-4.*q1(i)/c )

      fi2(i)=(1./18.)*(-18.*i1(i)-72.*i2(i)+180.- 3.*q1(i)/c )

      i2exact(t)= -1.763*exp(-6.782*t) + 2.284*exp(-.609*t)*cos(.607*t+

     $ 39.5*pi/180.)

      pi=2.*asin(1.)

      c=2./15.

      tscale=amin1(6./24.,6./72.,6.*c)

      dt=tscale/100.

      tfinal=3.*amax1(6./24.,6./72.,6.*c,sqrt(18.*c))

      nstep=int(tfinal/dt)

      print*,'nstep=',nstep

      kprint=40

c initial conditions

      i1(0)=0.

      i2(0)=0.

      q1(0)=0.

      do 10 i=1,nstep

      i1(i)=i1(i-1)+dt*fi1(i-1)

      i2(i)=i2(i-1)+dt*fi2(i-1)

      q1(i)=q1(i-1)+dt*i1(i)

10    continue

      do 20 i=0,nstep,kprint

      t=dt*float(i)

      print 100 ,t,i2(i) ,i2exact(t)

20    continue

100   format(2x,'t,i2num,i2exact=',3(3x,e11.4))

      stop

      end
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